Background: The management of the avulsion of deciduous and permanent teeth in children is well outlined in the guidelines of the International Association of Dental Traumatology and the American Academy of Pediatric Dentistry. However, little information is available about the level of knowledge in the management of dental trauma among undergraduate dental students in Japan. The objective of this study is to explore dental students' level of educational knowledge in the management of avulsed teeth.
Background
The majority of dental injuries occur between the ages 8 and 11 years; falling accidents in a school environment are very common and are the main cause of dental trauma [1] . Tooth avulsion is the complete displacement of a tooth from its socket due to accidental or nonaccidental injury; avulsion occurs in 1-16% of all dental injuries and may cause the loss of healthy teeth [1, 2] . Avulsion is the most serious form of dental trauma. Many studies have investigated the knowledge of avulsed teeth in children among parents, school teachers, and general dentists, and have emphasized the necessity of education to prevent and improve the prognosis of avulsed teeth [3] [4] [5] [6] [7] [8] . The management of the avulsion of deciduous and permanent teeth in children is well outlined in the guidelines of the International Association of Dental Traumatology [9] and the American Academy of Pediatric Dentistry [10] . However, only professional pediatric dentists are familiar with these guidelines in Japan, and general dentists hold diverse opinions about appropriate emergency procedures for injured teeth.
Japan's Ministry of Education, Culture, Sports, Science and Technology reformed the dental education program and established a model core curriculum in March 2001. This curriculum has since been introduced in dental universities and has a primary goal of ensuring that undergraduate dental students can explain the clinical examinations, tests, diagnoses, treatments, and prognoses of dental trauma in children [11] . However, little information is available about the level of knowledge in the management of dental trauma among undergraduate dental students in Japan.
The aims of this study are to evaluate dental students' level of educational knowledge in the management of avulsed teeth in children, and to investigate the influence of pediatric dental education on the management of dental trauma among undergraduate dental students.
Methods
This study was approved by the Human Investigations Committee of Kyushu Dental University and all subjects provided written informed consent prior to participation.
This study used a modification of the questionnaire used by Al-Obaida [5] (Tables 1,2,3) . Questionnaire data were collected from 121 students in two dental classes at Kyushu Dental University: 53 (32 men, 21 women) were first-year students and 68 (42 men, 26 women) were sixth-year students. The surveys were distributed in July 2011. First-year students entered the dental university after graduation from high schools in April 2011 and were attending general education courses: thus, they had little knowledge about dentistry at the time of this investigation. The lecture course about dental trauma in children and adolescents is in the fourth year of the curriculum at this university. The sixth-year students were attending clinical practice at the university hospital at the time of this investigation.
The questionnaire was divided into three parts. Part 1 consisted of questions about the personal profiles of the students (Table 1) , part 2 contained questions about their knowledge of dental injuries (Table 2) , and part 3 assessed the students' medical knowledge of dental trauma (Table 3) .
Statistical methods
The data of the first-year students were compared with the data of the sixth-year students. Comparisons of 3. Take her immediately to the nearest dentist with the avulsed tooth.
4. Sideline the injured girl and get her to bite on a tissue paper for several hours to control the bleeding.
5. Ask her whether she has incurred serious damage or injury. Table 3 Questionnaire about medical knowledge of dental trauma
A boy who lives in your neighborhood has fallen down on the road, and one of his teeth has fallen out. He came to you with the knocked-out tooth in his hand after the accident.
Q7. Would you replant (put back) the tooth into the socket from which it avulsed?
1. Yes
No
Q8. If you decide to replant the tooth into its socket, but it has fallen onto the ground and is covered in dirt, what would you do?
1. Rinse the tooth under running water.
2. Gently wipe off the mud that is stuck to the tooth by hand.
3. Scrub the tooth gently with a toothbrush.
4. Spray alcohol on the tooth.
5. Put the tooth straight back into the socket, with no pretreatment.
Q9. If you did not replant the tooth, how would you transport it to the dentist?
1. Hold the tooth in a hand.
2. Pack the tooth in ice.
3. Seal the tooth in plastic wrap.
4. Hold the tooth in the child's mouth.
5. Wrap the tooth in dry tissue paper.
Q10. If liquid is used to transport the tooth, how would you transport it to the dentist? (Arrange in order of priority) frequencies of correct responses were analyzed with chi square test. The level of significance was set to 5%.
Results
The students' response rate was 64.0%. The students' demographic characteristics are shown in Table 4 . Firstyear students ranged in age from 18 to 27 years and sixth-year students were 23 to 41 years of age. One (1.9%) first-year student and all but six (91.2%) sixthyear students had first-aid training. Among all students, 20.7% had experience with at least one trauma case.
The first-year students answered an average of 2.66/6 questions correctly, whereas the sixth-year students answered an average of 4.79/6 questions correctly. The percentages of correct responses were significantly higher among sixth-year students than among first-year students for all questions except for question 10 (P < 0.025; Table 5 ).
The percentage of students who knew that the maxillary incisor of a 9-year-old girl is a permanent tooth was 35.8% among first-year students and 95.6% among sixthyear students. Regarding the immediate emergency management of a in which a 9-year-old girl fell down the stairs and lost a maxillary incisor but remained conscious, only 28.3% of first-year students gave the correct response. The answer selected by the largest number (50.9%) of respondents was "sideline the injured girl and get her to bite on a tissue paper for several hours to control the bleeding". 55.9% of sixth-year students suggested the immediate transport of the tooth to a dentist (Table 5, Figure 1a ).
For the scenario in which a boy had lost a tooth and held it in his hand after falling down on a road, 45.3% of first-year students and 72.1% of sixth-year students suggested the replantation of the avulsed tooth. Regarding the clearance of the dirty avulsed tooth, 43.4% of firstyear students and 64.7% of sixth-year students gave the correct response (Table 5 , Figure 1b) . Regarding the best way to transport the tooth to the dentist, 13.2% of first-year students and 95.6% of sixthyear students gave the correct response. The answer selected by the largest number (37.7%) of first-year respondents was to "wrap it in dry tissue paper" (Figure 1c ). Regarding the best kind of liquid in which to transport the tooth to the dentist, all sixth-year students selected milk (57.4%) or physiological saline (42.6%). The answer selected by the largest number (43.4%) of first-year respondents was physiological saline (Table 5, Figure 1d ).
Discussion
This study found that only one (1.9%) first-year student had received first-aid training, suggesting that no such training for the management of dental emergencies had been provided in most elementary schools, junior high schools, and high schools. In Japan, faculty members specializing in pediatric dentistry provide lectures about dental trauma in the fourth year curricula of dental schools. The six sixth-year students who stated that they had received no training in the management of dental emergencies may have been absent from these lectures. These lectures follow the model core curriculum established by Japan's Ministry of Education, Culture, Sports, Science and Technology [11] . In Europe, the Profile and competences for the graduating European dentist -update 2009 [12] published by the Association for Dental Education in Europe (ADEE) states that a dentist must be competent in the management of trauma in the deciduous and permanent dentition upon graduation. The Competences for the New General Dentists [13] approved in 2008 by the House of Delegates of the American Dental Education Association (ADEA) states that graduates must be competent in the prevention, identification, and management of trauma, oral diseases, and other disorders. The educational policy in Japan is very similar to those presented in these European and American competencies.
In the present study, more than half of sixth-year students possessed basic knowledge of dental trauma in children. The percentages of correct responses were higher among sixth-year students than among first-year students for all questions. However, several insufficiencies were identified in the sixth-year students' knowledge of dental trauma management. In particular, less than 70% of these students provided correct responses to questions 6 and 8. The guidelines for the management of dental trauma published by the International Association for Dental Traumatology (IADT) and the American Academy of Pediatric Dentistry (AAPD) recommend the immediate replantation of a tooth to obtain the best prognosis [9, 10, 14] . If the tooth cannot be replanted within 5 minutes, it should be stored in a medium that will help maintain the vitality of the periodontal ligament fibers [15] . In the immediate emergency management of such case, these two guidelines stipulate that the tooth should be washed with cold running water for a maximum of 10 seconds before replantation [9, 10] . However, other studies have reported that such an approach is unsuccessful for many reasons, including the lack of knowledge about how to replant an avulsed tooth [16] [17] [18] . Thus, we believe that the immediate transportation of the tooth to a dentist, rather than replantation of the tooth, was a more appropriate choice in student responses.
IADT and AAPD guidelines for the management of dental trauma state that the physiological transportation media for avulsed teeth include Hank's Balanced Salt Solution (tissue culture medium), saline, and cold milk [9, 10, [19] [20] [21] [22] . In the present study, 43.4% of first-year students and 42.6% of sixth-year students selected physiological saline as the best transportation medium for avulsed teeth. In addition, 57.4% of sixth-year students selected milk, indicating that they know milk and saline are the most practical transport mediums for the storage of avulsed teeth because pH and osmolality of them are similar to those of extracellular fluid. On the other hand, recent study revealed that long shelf-life ultra-high temperature skim cow milk is not effective in preserving fibroblast viability in vitro [23] . Now, numerous kinds of milk are appearing on the markets in the world. Therefore, we need to educate the appropriate types of milk as the storage solutions of avulsed teeth to laypeople, dental students, and general dentists.
The first-year students were considered equivalent to people with no knowledge in the management of dental trauma. This study showed that less than 50% of these students provided correct answers to the five questions. These results are consistent with previous surveys of laypeople, who have been shown to the lack information about the prevention and management of dental trauma [24] [25] [26] .
Regarding the immediate emergency management of the case involving the 9-year-old girl, the answer chosen by the largest number of respondents was to "sideline the injured girl and her to bite on a tissue paper for several hours to control the bleeding". The students considered only the factors of bleeding or pain. Moreover, most the largest number of respondents believed that the best way to transport an avulsed tooth to the dental clinic was to "wrap it in dry tissue paper", suggesting that they did not know that an avulsed tooth must not be dried because the risk of ankylosis increases significantly with an extraoral drying time of 20 minutes [10, 15, 27, 28 ]. These results reflect the level of knowledge about dental emergencies among laypeople. We believe that dentists should take these findings into consideration and provide more instruction in the emergency management of the dental trauma to laypeople.
Rodd et al. [29] reported that previous studies in the United Kingdom have highlighted the lack of confidence and competence in trauma management among dentists, and dental students there have reported a lack of confidence in dental trauma management that warrants greater emphasis in the undergraduate curriculum. Vasconcellos et al. [30] also demonstrated that general dentists in Brazil need to improve their knowledge on avulsion and dental trauma prevention. Consistent with these studies, the results of the present study indicate that students nearing graduation must improve their knowledge level in dental trauma management.
The limitations of education in the management of dental trauma in Japan may be due to the lack of guidelines for the management of dental trauma and the diversity of opinions about appropriate management methods. Thus, the contents of lectures about dental trauma may be limited. Moreover, including instruction about clinical examinations, diagnoses, and treatment methods for dental trauma is important in Japan's undergraduate curriculum. We believe that education in first aid for accidents that occur outside dental clinics or hospitals is insufficient. One must improve the knowledge level of undergraduate dental students in first-aid for dental trauma using educational methods such as problem-based learning or e-leaning.
Conclusions
Japanese dentists and dental educations must immediately improve the utilization of the guidelines for dental trauma and the education of undergraduate students and patients in the management of dental trauma using an integrated approach. It will then be necessary for dentists to improve the knowledge of dental trauma management among laypeople.
